Context. TW Draconis is one of the best studied Algol-type eclipsing binaries. There is significant evidence for miscellaneous physical processes between interacting binary components manifesting themselves by period and light curve changes. Aims. Obtaining new set of photometric and spectroscopic observations, we analysed them together with the older spectroscopic and photometric data to build model of this eclipsing system with respect to observed changes of O-C diagram and light curve. Methods. Reduction of new spectra was carried out in the IRAF and SPEFO programs. Radial velocities were determined manually using SPEFO, by CCF and from the program KOREL. Orbital elements were derived with the FOTEL program and via disentangling with KOREL. The final combined solution was obtained with the programs PHOEBE and FOTEL. Results. Photometry shows small irregularities in light curves as a results of pulsating of one component and spot activity. Using net of KOREL outputs we found the mass ratio q=0.405(3). We confirm the presence of stellar matter around the primary. Even after subtraction of ADS 9706B influence, light curve solutions show third light in the system. Models in FOTEL and Phoebe are presented. Conclusions. TW Dra is an astrophysically very interesting eclipsing binary. Future combination of interferometry, spectroscopy, and photometry is promising. It could definitely confirm the hypothesis of quadruple system for TW Dra and explain behaviour of this system in complex.
Introduction
TW Draconis (α=15 h 33 m 51. s 1, δ=63
• 54 ′ 26 ′′ (2000.0)) is a wellknown and often observed Algol-type eclipsing binary. The variability of the star was discovered by Cannon (see Pickering, 1910) . The variable star is an A-component of visual binary ADS 9706. The main light changes with amplitude in B ∼ 2.3 mag in primary minimum are caused by 11.5 hours eclipses of the hot main sequence A8V star by the cooler and fainter K0III giant component.
First light curve solution based on photometric observations was made by Baglow (1952) , who also mentioned large distortion of the secondary component. However, to obtained good solutions with low residuals he assumed very low values of limb darkening coefficients and he obtained also surprisingly low reflection parameters. During further and longer monitoring of TW Dra behaviour Walter (1978) found large changes of orbital period and changes of the light curve outside the minima, especially around secondary minimum caused by gas stream and a large hot spot in the target area of it. Observations made by Baglow (1952) ; Walter (1978) were reprocessed by e.g. Giuricin et al. (1980) or Al-Naimiy & Al-Sikab (1984) . Papoušek et al. (1984) made several years to obtain light curve solution of the system. They mentioned larger scatter of the phased light curved but without any discussion in detail.
Although TW Dra was studied spectroscopically several times since 1919, secondary component was firstly detected in spectrum by Smith (1949) and the radial velocity of both components were measured only by Popper (1989) . The published values of mass ratio of the components differs from 0.28 (Pearce, 1937) to 0.47 Richards & Albright (1994) .
TW Dra was also included in several surveys. Singh et al. (1995) studied X-ray radiation in five Algol-like stars using ASCA and ROSAT satellites. He obtained first X-ray spektrum of TW Dra and confirmed previous paper revealing TW Draconis as a X-ray source (White & Marshall, 1983) . Umana et al. (1991) studied microwave radiation among Algols. They found radio-fluxes of Algols are generally comparable to them emitting from the RS CVn stars. During this study in the interval 1984-1989 went the radio-flux of TW Draconis down by factor 10. In summary although TW Draconis is known and studied the satisfactory complex solution of this unique system has not been published up to now. Zejda et al. (2008) published detailed study of period changes in the system.
The main goal of this study is to find the correct spectroscopic mass ratio of the main components and to calculate new light curve and radial velocity curve solutions based on our new measurements. The period of the system is changing in at least two modes (Zejda et al., 2008) . The present photometric data were all obtained in the epoch after the last great period change. Thus the period in the epoch of our observations is almost constant and light ephemeris in a linear approximation for this epoch could be used. Mikulášek's method based on Principal Component Analysis (hereafter PCA) (Mikulášek, 2007) Despite of our CCD observations lower accuracy, small oscillations were detected on light curve, in B and V filters, respectively. Pulsation period 0.0519(3) d and semi-amplitude ∆m = 10(3) mmag (Zejda et al., 2006) found in our B measurements and 0.0501(13)d with ∆m = 9(2) mmag in B measurements of Papoušek et al. (1984) are in agreement with Kusakin et al. (2001) (0.0556 d, ∆m = 2.1 mmag in B) and Kim et al. (2003) (0.053 d, ∆m = 5 mmag). Change in pulsations amplitude is probably due to superposition of different pulsation modes as described in RZ Cas . Large scatter in maximum of brightness in eclipsing phased light curve is also caused by oscillations and their superpositions from different orbital cycles.
Regardless of confirmed oscillations, deformations of light curve, which persist at least during several orbital cycles, can be easily seen as well. Our measurements show a small decrease (0.04 mag in B) after the egress from primary eclipse (phase 0.10-0.19) previously mentioned by Baglow (1952) and Walter (1978) and a bump of 0.055 mag (V), 0.030 mag (R), 0.02 mag (I) before the secondary eclipse (phase 0.40-0.43) (see Fig. 1 ).
The most obvious light curve phenomenon is a dependence of the secondary minimum depth on wavelength. While in B band the secondary minimum is scarcely visible (∆m=0.063 mag), in I filter is easily detectable (∆m=0.196 mag) (see Fig.  1 ).
Fig. 1.
Normal light curves around secondary minimum.
Spectroscopy
The spectroscopic observations (46 spectra) were made in JD interval 2453111-2454218 using Coudé spectrograph of the 2.0-m Ondřejov reflector, equipped with a SITe-005 800x2000 CCD; the spectra cover the Hα region from 628.0 to 672.0 nm, with a linear dispersion of 17 nm mm −1 , two-pixel resolution of 12700, and S /N ranging up to 478. Spectra with an average signal-tonoise (S/N) ratio lower than 95 in continuum near Hα line were excluded. Finally 37 spectra were analysed (see journal of our spectroscopic observations in Tab. 2).
In all cases, the wavelength calibration was based on ThAr comparison spectra taken before and after the stellar exposure. Mean flatfield images from the same night as the stellar spectrum were always applied.
The initial reductions to 1-D frames were carried out in IRAF by MŠ. The final reduction, rectification were carried out in SPEFO (Horn et al., 1996; Škoda, 1996) .
Radial velocities
We used three methods to obtain RV curves of components of this binary system. Unfortunately the lines of the secondary component being poorly resolved. The secondary component was detectable only on some well exposed spectrograms. In SPEFO the RV's were measured interactively, comparing the direct and flipped images of the line profiles. The zero point of RV scale was corrected through the use of reliable telluric lines -see Horn et al. (1996) for details.
To obtain RVs we also used the code based on crosscorelation method (see Zverko et al., 2007) . The needed synthetic spectra were calculated according to the parameters from Al-Naimiy & Al-Sikab (1984) by the code SYNTHE (see (1984): T eff,1 = 8300 K, log g 1 = 3.92, v 1 sin i = 50 km s −1 , T eff,2 = 4800 K, log g 2 = 3.24, v 2 sin i = 72 km s −1 , solar abundance both. It is apparent at observed secondary component spectrum that absorption line Hα is here dimmer than in synthetic spectrum, probably due to an emission in the system. Sbordone et al., 2004) 1 and the code SYNSPEC, which is able to calculate spectra from TLUSTY (Lanz & Hubeny, 2007) and ATLAS model atmospheres.
Results of the two first methods are shown in Table 2 . Finally we used also the spectral disentangling technique (see relevant section) to obtain radial velocities.
Spectral disentangling
As a third approach for determination of radial velocity curves the code KOREL was used (Hadrava, 1997 (Hadrava, , 2004b . This code enables decomposition of light joint from sev- eral sources using Fourier disentangling with intrinsic lineprofile variations. Twelve short regions in wavelength interval 626-677 nm and later on 5 regions from them joint in one multiple solution were used (see Tab. 3).
We first measured the S /N for all spectra in the region 661.5-662.0 nm and weighted them with weights proportional to (S /N) 2 and normalized to one for the mean value. These weights were used in the control file of the auxiliary program PREKOR (Hadrava, 2004b ) that prepares the input data for KOREL. Firstly we derived the line strengths of the telluric spectra for the wavelength range 646.5 -651.0 nm, which contains a number of strong water vapour lines and then kept these strengths fixed in all subsequent solutions with KOREL. We derived the KOREL solutions separately for the regions shown in the Tab. 3. See an example of done disentagled region in Fig. 3 .
In the process of trial solutions was found that in wavelength interval 650-662 nm the Hα line profile is deformed by presence of emission (see Fig. 4 ), probably caused by the accretion disc, which is in agreements with preliminary result in Richards & Albright (1999) . However, this region was not included into following solutions. KOREL was able to overcome problems with faint and blended lines of secondary star. Nevertheless, first solutions (in resolution 2048 bins) gave two mass ratio values with comparable accuracy; q 1 = 0.465 close to the result of SPEFO, CCF and result of Popper (1989) and q 2 = 0.408 close to solution in Lehmann et al. (2009) . This ambiguity can be found in previously published values of q, which differ from 0.28 (Pearce, 1937) or 0.37 (Plaskett, 1919; Holmberg, 193) to 0.465 (Popper, 1989) or 0.47 (Richards & Albright, 1994) .
Using region No. 6 (see Tab. 3) we built a grid of solution in resolution 512 bins for input values of q varying from 0.370 to 0.528 with a step 0.002 and semi-amplitude of primary star radial velocity K 1 in interval 61.0 -66.8 km/s with a step 0.2 km/s. During each solution q and K 1 parameters were fixed. We obtained 2400 solutions in total. Analogous calculations were repeated for resolutions 256, 512, 1024, 2048 (corresponding to the widths 15.3, 7.6, 3.8 and 1.9 km/s/bin) with smaller steps of input values: q in 0.380 -0.500, step 0.001; K 1 in 60.0 -66.0, step 0.1. Thus we obtained 7381 solutions for each resolutions. The global minimum in the space of solutions was found around q ≈ 0.40 and thus found the final solution for all chosen spectral intervals (see Fig. 5 ). The resulting mass ratio is q = 0.405(3). The resulting values for the best solutions are summarised in Tab. 4. Note that disentangling cannot provide information on the systemic velocity. Its value can only be obtained by a direct measurement of disentangled line profiles. This way, we found that the systemic velocity of the system is about -2 km s −1 . The final radial velocity curves could be compared with other ones in Fig. 6 . 
Initial analysis of RVs
We also compiled all RVs available in the astronomical literature and used the HEC19 program 2 to derive the heliocentric Julian dates (HJDs hereafter) for them. In particular, we used the early photographic radial velocities from the DAO (Plaskett, 1919) , McDonald observatory (Smith, 1949) and Lick observatory obtained by Popper (1989) . A journal of available spectral observations is in Table 5 . All trial solutions of the RV were derived with the FOTEL program (Hadrava, 1990 (Hadrava, , 2004a ; for the results see Tab. 6.
B-component of visual binary ADS9706B
TW Draconis is A-component of visual binary OΣ 299 = ADS 9706. The B-component is the star HD 140512=TYC 4184 61 2 9.987 mag (VT) only 3.3" far away from TW Dra. ADS9706B itself has been photometrically observed only rarely. The most accurate measurements were done by Hipparcos satellite, where A-component (TW Dra ) is H p = 7.517 ± 0.006 mag and ADS9706B H p = 9.887 ± 0.047 mag. Both components were measured together during our photometric measurements. To subtract the influence of B-component we obtained also three spectroscopic observations of this star. Two Hα region spectra of B-component from Ondřejov observatory and one echelle spec- trum from Tautenburg (Mkrtichian & Lehmann, 2007) were obtained. Using equivalent width of chosen spectral lines and comparison to the synthetic spectra, the spectral type of ADS9706B as F5V-G0V was determined. Measured H p magnitudes were transformed into V magnitudes in Johnson system, according to Harmanec (1998) . The result for G0V spectral type was closer to our observational data. Thus, this spectral type and consequent parameters were used to subtract ADS9706B influence from our TW Dra photometry. Two-colours diagram was created using decomposed brightnesses of both components and colour indices of stars in the close vicinity of TW Dra (taken from the photometric database (Mermilliod et al., 2007) ). Measured values were compared to theoretical models from Golay (1974); Cramer (1984) . Considering this diagram, small distance of TW Dra d = 122 ± 15 pc (Perryman & ESA, 1997) and high galactic latitude (45 • ), interstellar extinction was omitted. According to Chambliss (1992) , visual B-component could be a physical component of the system (along with TW Dra ). Using spectral type (G0V) of ADS9706B, distance 118 pc was obtained. This value is in agreement with the distance of TW Dra itself and thus supports Chambliss's conclusion. Though first astrometric measurements of ADS9706 were done in 1843, there is no significant change of position angle or angular distance up to now.
Combined light-curve and orbital solution
For full-fledged modelling of all available data we used the code FOTEL (Hadrava, 2004a) and the PHOEBE program version 0.29c (Prša & Zwitter, 2005; Prša, 2006) with the WD back-end (Wilson & Devinney, 1971) . To improve the S /N of photometric data, we created 1000 normal points in BVRI colors; in U band we used all 136 original individual measurements. We excluded all observations from obtained with higher scatter in case of either a technical problem or bad weather. RVs for the final solutions were taken from the KOREL solution. We fitted the model to photometric and RV data simultaneously. The limbdarkening coefficients for the square-root law were interpolated from van Hamme (1993) tables.
FOTEL
Photometric measurements of TW Dra from Baglow (1952) ; Walter (1978) ; Papoušek et al. (1984) were resolved as well. It is necessary to consider third light in the system to improve to quality and accuracy of results. Presence of the third light is in agreement with previously published solutions. Our own measurements were split into two datasets -photoelectric photometry from Hvar observatory transformed into the standard UBV magnitude and all (mainly CCD) observations in differential UBVRI magnitudes. Hvar measurements are approximately the same amount as Baglow's ones, but unfortunately not covering secondary minimum. Thus, solution with the third light fixed was calculated in this case only. Initial light ephemeris is: P=2.80683211 d, M 0 = 53558.91888. The period P, mass ratio q = 0.405 and the eccentricity e = 0 were fixed. Initial values of the other parameters (r 1 , r 2 , i, q, K 1 ) were adopted from Baglow (1952) . Limb darkening coefficients were interpolated according to tables from van Hamme (1993) .
The second, CCD datasets include normal light curves in BVRI bands, each of them with 1000 points. Hereafter only these normal CCD light curves were utilised, however initial parameters were the same as described above. Resulting parameters are given in the first column of Tab. 7. Solutions based on both datasets are in very good agreement.
PHOEBE
According to experience with our datasets in FOTEL we have proceeded solutions with non zero third light in PHOEBE only. First, radial velocities were used to improve initial values of parameters associated with spectroscopy with following results: semi-major axis a = 12.0124(3) R ⊙ , mass ratio q = 0.4026(11), inclination i = 87.13 (5) • , system velocity γ=-0.713(23) km s −1 . The a, q, γ parameters were then fixed.
Input parameters were the same for both PHOEBE and FOTEL analysis, except above mentioned a, q, i, γ parameters. In contrast to FOTEL, temperatures of components were fitted in PHOEBE. Due to presence of third light it was impossible to use reliably either colour constraining method or the depth of minima for at least temperature ratio determination. Thus, temperature of primary star was estimated according to spectral type A5V T 1 = 8180 K (Cox, 1999) . Based on the range of possible spectral types of secondary component K2III, K0III, K2V (Popper, 1989; Yoon et al., 1994; Samus et al., 2009) , corresponding temperature of secondary star is in the interval 4390-4830 K (Cox, 1999) . Solutions for the mode 2 (detached systems) and mode 5 (algols) were proceeded and resulting parameters are listed in 2nd and 3rd columns of Tab. 7, showing similar results with only small differences. Thus the secondary component fills its Roche lobe or is only slightly below the Roche limit.
Conclusions
Using rich photometric material we found new linear ephemeris (in agreement with previous period study (Zejda et al., 2008) ).
Although this study was not aimed to detailed study of detailed photometric behaviour, we confirmed pulsation of one component in our data as well as in previous set od data from Papoušek et al. (1984) . There are also small irregularities in light curves caused by spot activity on surfaces of components or in surrounding stellar matter. Spectroscopic part concentrated on several tasks. Radial velocities were obtained from new spectra applying three methods (SPEFO, CCF, KOREL); radial velocity curves for both components were created and mass ratio of component was found with the value q = 0.405(3) (KOREL, FOTEL) and q = 0.4026(11) (Phoebe solution), respectively. Using a disentangling technique a presence of interstellar material in the system presumably in a form of accretion disc was confirmed. Detailed study using set of old yet unprocessed spectra Richards & Albright (1999) as well as new huge collection of spectra from Tautenburg could help to study the presence of circumstellar matter in the system and its evolution in time.
The first obtained spectra of visual component ADS9706B of TW Dra served for its spectral type determination (G0V). This result supports previously published hypothesis that ADS9706B is not only visual but even a physical member of the system (Chambliss, 1992) . However, Zejda et al. (2008) found on the base on light time effect appeared in O-C residuals another component which is too faint to exert influence upon the light of two basic component and above mentioned third component (ADS9706B). Thus TW Dra itself is a basic binary in a quadruple system ((1+1)+1)+1. The spectral type G0V also allows to subtract the influence of ADS9706B from total light of visual pair ADS9706. Nevertheless new more precise spectroscopic and photometric measurements of B-component are highly desirable.
Radial velocity and light curve solutions were done in FOTEL using entire (historical and current) photometric and spectroscopic observations. New photometric and spectroscopic observations were processed in PHOEBE as well. The parameters from both FOTEL and PHOEBE are in very good agreement. TW Dra belongs to small numbers of semidetached eclipsing binaries with well known basic parameters. The nowadays primary components of these systems (e.g. KO Aql, S Cnc, RZ Cas, TV Cas, U CrB, AI Dra, S Equ, TZ Eri, AF Gem, TT Hya, BP Mus, AT Peg, HU Tau, TX UMa and others) obtaining material from the secondary present themselves like main sequence stars, while the the same age secondaries are bigger and more radiative. Obtained results of TW Dra correspond to other algols with known accurate parameters (see Fig. 8 ). 
